Procion red is one of the most utilized textile dyes by numerous textile factories worldwide. Unfortunately, it has a detrimental effect on the ecosystem whenever it was released into the environment as textile wastewater. In this work, the removal of procion red from aqueous solution has been conducted by adsorption with modified natural kaolin as a low-cost adsorbent. Kaolin was systematically modified by thermal activation then followed by acid activation in different acid concentration. Activated kaolin sample was then mixed with TiO2 to produce TiO2/Kaolin composite. Activated kaolin and TiO2/Kaolin composite were characterized using X-ray diffraction (XRD) and Fourier transform infrared (FT-IR). Various operational variables that affect the adsorption process were taken into consideration, including the effect of initial pH, contact time, initial dye concentration, and temperature. The adsorption parameters of kinetics, isotherm, and thermodynamics were also studied according to the most common model established. The results showed that the procion red adsorption was pH-dependent and reached equilibrium at 90 min. The kinetics study was revealed that the adsorption process was better demonstrated by the pseudo-first-order rather than the pseudo-second-order model. The adsorption isotherm investigation showed that the adsorption process was followed both Langmuir and Freundlich model with qe reached 158 mg/g, and the adsorption process was predicted in favorable condition. The thermodynamic study revealed that the adsorption process is spontaneous with endothermic nature. According to the results, it can be considered that the TiO2/Kaolin composite adsorbent has better adsorption capability to the procion red.
INTRODUCTION
Nowadays, the reduction of freshwater quality affected by the discharge of numerous hazardous chemicals from various industrial and urbanization activities has become major worldwide issues [1] . The textile industry has a significant contribution to water pollution since it produces an extensive amount of colored wastewater [2] . The textile wastewater incorporates various synthetic dyes that have excessive color intensity, high chemical oxygen demand (COD), hardly degraded by natural condition, and high suspended solids [3] . Dyes used in the textile industry is commonly synthetic dyes, which are composed of complex organic molecules with a reactive functional group [4] . The release of dyes effluents into the aquatic environment is not only staining the water body but also causing COD increase, eutrophication and even human health problems owing to their high stability, toxicity, and mutagenic nature [5] . Consequently, the development of dyes effluent treatment methods is highly necessary to preserve environmental sustainability.
A number of methods have been developed in order to remove dyes contamination from wastewater, like adsorption [6] , electrocoagulation [7] , photovoltaic electrocoagulation [8] , high-voltage pulsed discharge [9] , flocculation [10] , photocatalysis [11] , ozonation [12] , and advance oxidation [13] . However, the effort to completely remove dye pollutant is hard due to its high resistance and stability to the environmental condition the most reliable and widely used method of dye removal from wastewater. It is an e cheap, and eco-friendly technique compared with the other conventional techniques mentioned above due to the availability of various kind of adsorbent.
Kaolin is one of the most abundant and utilized natural clays. Basically, kaolin is mainly composed of kaolinite minerals with the chemical formula Al consists of two-layered of silicate (SiO Although theoretically, kaolin has no net surface charge, in the natural condition, it has a slight negative charge due to the defect on the edge of the crystalline structure papers have been reported that the kaolin or kaolinite minerals had been widely us purposed such as fabrication of rubber, paper, plastic, cosmetics, coating, paints, and ceramics, the catalyst for the diverse chemical reaction, and adsorbent. These broad applications of kaolin are owing to its nifty nature, such as high c thermal stability [17, 18] .
In the present paper, we reported the natural kaolin modification by thermal and acid activation, followed by the preparation of TiO composite product then used as the adsorbent to rem pollutant.
Chemicals and instrumentation
Kaolin used in this work was natural kaolin obtained from Waytuba kaolin deposit located in Waykanan District of Lampung Province, Indonesia. The raw kaolin sampl adequate size for further treatment. The chemical composition of natural kaolin has been analyzed using X-ray fluorescence, and the result to be as follows: 34 .7% Al 4.25% K 2 O, 0.05% CaO, 1.11% TiO Sulfuric acid (assay 99.999%) was supplied by Sigma hydroxide was purchased from Merck (Germany). Titanium(IV) isopropoxide as the titanium source was purchased from Sigma as received without further purification. The distilled water (conductivity for all the dilution was produced by Pureit model was purchased from Sigma further purification. It has empirical chemical formula C weight of 615.33 g/mol, and its chemical structure was presented in Bull. Chem. Soc. Ethiop. 2019, 33(3) . However, the effort to completely remove dye pollutant is hard due to its high resistance and stability to the environmental condition [14] . Adsorption is considered as the most reliable and widely used method of dye removal from wastewater. It is an efficient, friendly technique compared with the other conventional techniques mentioned above due to the availability of various kind of adsorbent.
Kaolin is one of the most abundant and utilized natural clays. Basically, kaolin is mainly mposed of kaolinite minerals with the chemical formula Al 2 Si 2 O 5 (OH) 4 [15] . Its structure layered of silicate (SiO 4 ) tetrahedral and alumina (AlO 2 (OH) 4 ) octahedral. Although theoretically, kaolin has no net surface charge, in the natural condition, it has a slight negative charge due to the defect on the edge of the crystalline structure [16] . Recently, many papers have been reported that the kaolin or kaolinite minerals had been widely used for various purposed such as fabrication of rubber, paper, plastic, cosmetics, coating, paints, and ceramics, the catalyst for the diverse chemical reaction, and adsorbent. These broad applications of kaolin are owing to its nifty nature, such as high cation exchange capacity, layered structure, and high
In the present paper, we reported the natural kaolin modification by thermal and acid activation, followed by the preparation of TiO 2 /Kaolin composite. The final TiO 2 /K composite product then used as the adsorbent to remove Procion red dye as a model of dye
EXPERIMENTAL nstrumentation
Kaolin used in this work was natural kaolin obtained from Waytuba kaolin deposit located in Waykanan District of Lampung Province, Indonesia. The raw kaolin sample was ground to gain adequate size for further treatment. The chemical composition of natural kaolin has been ray fluorescence, and the result to be as follows: 34.7% Al 2 O 3 , 53.3% SiO O, 0.05% CaO, 1.11% TiO 2 , 4.47% Fe 2 O 3 , 0.57% NiO, 0.08% CuO, and 0.02% ZnO. Sulfuric acid (assay 99.999%) was supplied by Sigma-Aldrich (Singapore), and solid sodium hydroxide was purchased from Merck (Germany). Titanium(IV) isopropoxide as the titanium source was purchased from Sigma-Aldrich. All the chemical used was in reagent grade and used as received without further purification. The distilled water (conductivity of 18 M/cm) used for all the dilution was produced by Pureit ® instrument. Procion red dye used as textile pollutant d from Sigma-Aldrich with dye content 40% and used as received without further purification. It has empirical chemical formula C 19 H 10 Cl 2 N 6 Na 2 O 7 S 2 with the molecular 615.33 g/mol, and its chemical structure was presented in Figure 1 .
. Chemical structure of Procion red.
. However, the effort to completely remove dye pollutant is hard due to . Adsorption is considered as fficient, friendly technique compared with the other conventional techniques mentioned Kaolin is one of the most abundant and utilized natural clays. Basically, kaolin is mainly . Its structure ) octahedral. Although theoretically, kaolin has no net surface charge, in the natural condition, it has a slight . Recently, many ed for various purposed such as fabrication of rubber, paper, plastic, cosmetics, coating, paints, and ceramics, the catalyst for the diverse chemical reaction, and adsorbent. These broad applications of kaolin ation exchange capacity, layered structure, and high
In the present paper, we reported the natural kaolin modification by thermal and acid Kaolin ove Procion red dye as a model of dye Kaolin used in this work was natural kaolin obtained from Waytuba kaolin deposit located in e was ground to gain adequate size for further treatment. The chemical composition of natural kaolin has been , 53.3% SiO 2 , NiO, 0.08% CuO, and 0.02% ZnO. Aldrich (Singapore), and solid sodium hydroxide was purchased from Merck (Germany). Titanium(IV) isopropoxide as the titanium e chemical used was in reagent grade and used /cm) used instrument. Procion red dye used as textile pollutant Aldrich with dye content 40% and used as received without with the molecular
The chemical composition of natural kaolin sample was analyzed using X-ray fluorescence provided by PANanalytical type Minipal 4. The chemical analyses of the natural and modified kaolin were carried out using XRD Rigaku Miniflex 600 with Ni-filtered CuK irradiation. The change of the functional group of the kaolin sample was analyzed using FT-IR Shimadzu Prestige-21 using the KBr disc method in the wavenumber 400 to 4000 cm -1 .
Natural kaolin activation
The activated kaolin was prepared by two-step activation process, i.e., thermal activation and followed by acid activation. Firstly, the natural kaolin (N-Kao) obtained was cleaned and crushed before subjected to the calcination process. Thermal activation method was carried out based on the work done by [19] . In brief, an amount of cleaned natural kaolin sample was subjected to a muffle furnace (Thermo Scientific) at temperature 500 o C for 3 h with a heating rate of 5 o C/min. After the calcination process finished, the samples then stored in a tightly closed bottle and labeled as TA-Kao.
Acid activation treatment was carried out to the thermally activated kaolin (TA-Kao). The acid activation process was conducted based on the work reported by Gao et al. [20] with slight modification. Firstly, TA-Kao sample was crushed and sieved to pass through 180 mesh particle size. Then, 3 g of the sieved TA-Kao was added into a three-neck flask containing 15 mL of H 2 SO 4 with different concentration (1, 5, 10, and 15%) in order to study the effect of the acid concentration on the kaolin structure. The mixture was then heated in mild condition (80 o C) under vigorous stirring for 12 h. After finished, the mixture was separated by centrifugation and washed using distilled water for several times to remove the excess of SO 4 2-. Acid-activated kaolin product as filtrate then was dried at 50 o C followed by crushing and sieved to produce particle size < 80 mm. The products were labeled as A-Kao 1%, A-Kao 5%, A-Kao 10%, and A-Kao 15% corresponding to the H 2 SO 4 concentration used during the activation process.
Preparation TiO 2 /Kaolin composite
TiO 2 /Kaolin composite was prepared using titanium(IV) isopropoxide as the source of titanium. The TiO 2 deposition on the surface of the kaolin was carried out by the following procedure. Approximately 3 g of activated kaolin sample A-Kao 10% was added to a beaker flask containing 100 mL of deionized water. The mixture was shaken for 2 h to obtain the kaolin suspension. In a separated flask, titanium solution was prepared by adding 80 mL of titanium(IV) isopropoxide with controlled-molar of the sulfuric acid solution. The titanium solution then drop-wisely added into the kaolin suspension. Then the mixture was stirred for 2 h at 50 o C. After finished, the mixture was separated by centrifugation followed by washing with deionized water for several times in order to remove the excess of SO 4 2ions and the other chemical impurities. The final product of TiO 2 /Kaolin composite then labelled as Ti/Kao and ready for further used as an adsorbent.
Adsorption experiment
Procion red solution as the model of textile wastewater with different concentration was prepared by diluting procion red stock solution (1000 mg/L). All the adsorption experiments were used the A-Kao 10% sample as the adsorbent and the adsorption process conducted based on the batch technique. In normal experiment, 50 mL of procion red solution (50 mg/L) was added into a canonical flask containing 0.05 g of adsorbent. The canonical flask was shaken for 190 min in a horizontal shaker with constant speed at 240 rpm. The effect of initial pH on the adsorption performance was studied in different initial pH condition ranging from 1 to 10. The investigation of the adsorption kinetics, equilibrium isotherm, and thermodynamic behavior was performed at a different contact time, initial concentration, and adsorption temperature, respectively. After the batch experiment finished, the mixture was separated by centrifugation using Hanil ® centrifuge instrument at 4000 rpm for 5 min. The remaining concentration of procion red in the supernatant was determined using EMCLAB UV-Vis spectrophotometer (Germany) at wavelength 538 nm. The whole experiments were conducted in duplicate in order to avoid the error of measurement and analysis. The amount of procion red adsorbed at time was determined based on the following equation.
where is the amount of procion red adsorbed per unit mass of adsorbent at the predetermined time (mg/g). and are the concentration of procion red at the initial and after adsorbed, respectively (mg/L).
For the equilibrium state, the adsorption capacity ( ) was determined based on the following equation.
where is the concentration of procion red at the adsorption equilibrium condition (mg/L) and is the initial concentration of procion red (mg/L). is the volume of procion red solution used (L) and is the amount of the adsorbent used (g).
RESULTS AND DISCUSSION

Adsorbent characterization XRD analysis
The result of the XRD analysis of the natural kaolin sample is presented in Figure 2 . The XRD pattern of natural kaolin described that natural kaolin sample was mainly composed by kaolinite mineral Al 2 Si 2 O 5 (OH) 4 and the slight amount of quartz as impurities. The intense diffraction peaks were recorded at 2 range of 5 to 80 o . Moreover, the main characteristic reflection peaks of kaolinite were recorded at 2 value of 12 o and 25 o as the reflections of the plane (001) [21] . After thermal activation at 400 o C, the typical reflection peak of kaolin was not changed significantly ( Figure 2 ). This finding showed that the thermal activation was not influenced the crystallinity of the kaolinite mineral.
The acid activation process was conducted with different acid concentration. The XRD patterns of acid-activated kaolin are presented in Figure 2a and the effect of acid concentration on the kaolinite characteristic reflection peak at 2 around 12 o and 25 o is presented in Figure 2b . Figure 2b described that after acid activation the intensity of typical characteristic peaks of kaolinite at 2 around 12 o and 25 o gradually changed. With relatively low acid concentration, the typical peak of kaolinite increased. However, with higher acid concentration it was gradually decreased as increasing the acid concentration. This phenomenon attributed to the partial mineral dilution due to the acid leaching that causing the disorder of kaolinite structure.
The XRD pattern of TiO 2 /Kaolin composite is presented in Figure 2a . Compared with the XRD pattern of activated kaolin, it was significantly changed due to the deposition of TiO 2 in the kaolin surface. The typical characteristic peak of kaolinite at 12 o was disappeared as well as the other peaks of kaolinite. Moreover, the appearance of reflection peak at 2 around 25, 37, 48, 55, and 62 o indicated the presence of anatase [22] . Based on these results, we conclude that the TiO 2 was systematically coated on the surface of kaolin. 
FT-IR analysis
The functional group of natural, activated kaolin, and TiO 2 /Kaolin composite were analyzed by FT-IR at the frequency range of 400-4000 cm -1 . The FT-IR spectrum of natural kaolin was presented in Figure 3a . In the functional group region (4000-1100 cm -1 ) the band around 3448, 3618, and 3695 cm -1 correspond to the O-H stretching vibration of Al-OH functional group. The sharp band at 3619 cm -1 represent the hydroxyl group that presence between the tetrahedral and octahedral sheet. The presence of water that absorbed in the surface of the kaolin was described by the appearance of band observed at 3695 and 1635 cm -1 [21] . The strong band recorded at 1111 cm -1 corresponds to the Si-O stretching vibration. The sharp band at 918 cm -1 corresponds to the characteristic stretching vibration of Al-Al-OH. While the characteristic band at 547 cm -1 was correlated to the presence of Si-O-Al stretching vibration as the typical characteristic band of kaolinite mineral. After thermal activation (Figure 3a) , the band at the fingerprint region was not changed significantly. However, the band that related to the -OH group at 1635 cm -1 and around 3600 cm -1 was decreased. This finding showed that the water molecule that physisorbed in the kaolin surface was decreased.
The FT-IR spectra of acid-activated kaolin with different acid concentration are presented in Figure 3b . It showed that by increasing the acid concentration, the characteristic band at the region of the functional group was gradually decreased. This finding is in agreement with the results described by XRD analysis. By increasing the acid concentration, the partial destruction of the kaolinite structure has occurred.
The FT-IR spectra of TiO 2 /Kaolin composite is depicted in Figure 3a . Compared with the acid-activated kaolin spectra, the spectra of TiO 2 /Kaolin composite has changed significantly. Particularly, the band of activated kaolin at the fingerprint region disappeared. However, the characteristic band of 1111 cm -1 still hang in there although its intensity was decreased significantly. This phenomenon indicated that during the compositing process, the TiO 2 was coating the kaolin surface. Hence, the structure of the kaolin was blocked by the presence of TiO 2 (anatase). 
Effect of contact time
The investigation on the effect of contact time toward the adsorption performance of procion red on natural and TiO 2 /Kaolin composite was systematically carried out. The adsorption experiment was set out with different contact time ranging from 0 to 90 min. The investigation were illustrated in of procion red both on activated kaolin and TiO increasing the contact time. However, after 50 m slightly increased until it reached the equilibrium state at 90 min. At the equilibrium, the adsorption capacity of A-Kao reached 11.9 mg/g and for TiO mg/g. This finding indicates against procion red. 
Effect of initial pH
The influence of pH on the adsorption of procion red was sy adsorption experiment with different initial pH condition. adjusted in the range of 1 to 9 by adding 0.1 M HCl and NaOH solution. The results of this study were illustrated in Figure   Tarmizi Taher et al.
Bull. Chem. Soc. Ethiop. 2019, 33(3) FTIR spectra of (a) natural kaolin, thermal activated kaolin, TiO 2 /Kaolin composite activated kaolin at the different acid concentration.
nvestigation on the effect of contact time toward the adsorption performance of procion red /Kaolin composite was systematically carried out. The adsorption experiment was set out with different contact time ranging from 0 to 90 min. The results of this investigation were illustrated in Figure 4 . Based on the obtained result, the adsorption capacity of procion red both on activated kaolin and TiO 2 /Kaolin composite was gradually increased by increasing the contact time. However, after 50 min of contact time, the adsorption capacity slightly increased until it reached the equilibrium state at 90 min. At the equilibrium, the Kao reached 11.9 mg/g and for TiO 2 /Kaolin composite reached 13.1 mg/g. This finding indicates that the TiO 2 /Kaolin composite has better adsorption capability . Effect of contact time on the adsorption performance.
The influence of pH on the adsorption of procion red was systematically studied in various adsorption experiment with different initial pH condition. The pH of the dye solution was adjusted in the range of 1 to 9 by adding 0. The maximum adsorption capacity of procion red on both adsorbents was observed at pH 5 (acidic pH). Theoretically, the surface of the kao procion red is an anionic dye, in the acidic solution, the ionic strength of the procion red reduced then give rise to the higher probability to be adsorbed on the negatively charged surface. The chemistry of the adsorbent surface as the effect of change of pH solution can be described according to the point zero charge pH zero charges of both adsorbents were rec adsorbent will be positively charged leading to the stronger electrostatic force toward the procion red which is an anionic dye. Above the pH negatively charged that causing the repulsion force toward the anionic procion red and causing the decrease of the adsorption performance.
Adsorption kinetics
The adsorption kinetics is an important aspect in order to investigate the design of the adsorption process and to evaluate the adsorbent behavior for procion red removal as a pollutant [23] . In order to correlate the adsorption kinetics data, the most common adsorption kinetics model was employed including the pseudo pseudo-first-order kinetic model was initiated and developed by mechanism for solid/liquid system. The nonlinear equation for the pseudo be described by the following equation:
/kaolin composite as low-cost adsorbent for procion red removal from water Bull. Chem. Soc. Ethiop. 2019, 33(3) affecting the adsorption performance. The change of pH in the solution will affect the nature of both dye solution and the surface of the adsorbent [14] .
(b)
Effect of initial pH (a), and pH point zero charge (pH pzc ) of activated kaolin and /Kaolin composite (b).
The maximum adsorption capacity of procion red on both adsorbents was observed at pH 5 Theoretically, the surface of the kaolin has a slightly negative charge. Since the procion red is an anionic dye, in the acidic solution, the ionic strength of the procion red reduced give rise to the higher probability to be adsorbed on the negatively charged surface. The he adsorbent surface as the effect of change of pH solution can be described according to the point zero charge pH pzc of the adsorbent. As can be seen in Figure 5b , the point zero charges of both adsorbents were recorded at pH 5. Below pH pzc value, the surface of the adsorbent will be positively charged leading to the stronger electrostatic force toward the procion red which is an anionic dye. Above the pH pzc value, the surface of the adsorbent will be rged that causing the repulsion force toward the anionic procion red and causing the decrease of the adsorption performance.
The adsorption kinetics is an important aspect in order to investigate the design of the nd to evaluate the adsorbent behavior for procion red removal as a pollutant . In order to correlate the adsorption kinetics data, the most common adsorption kinetics including the pseudo-first-order and pseudo-second-order models. The order kinetic model was initiated and developed by [24] , to study the adsorption mechanism for solid/liquid system. The nonlinear equation for the pseudo-first-order model can he following equation: The maximum adsorption capacity of procion red on both adsorbents was observed at pH 5 . Since the procion red is an anionic dye, in the acidic solution, the ionic strength of the procion red reduced give rise to the higher probability to be adsorbed on the negatively charged surface. The he adsorbent surface as the effect of change of pH solution can be described b, the point value, the surface of the adsorbent will be positively charged leading to the stronger electrostatic force toward the value, the surface of the adsorbent will be rged that causing the repulsion force toward the anionic procion red and causing The adsorption kinetics is an important aspect in order to investigate the design of the nd to evaluate the adsorbent behavior for procion red removal as a pollutant . In order to correlate the adsorption kinetics data, the most common adsorption kinetics order models. The , to study the adsorption order model can
The linear form of the pseudo-first-order model can be obtained by integrating equation 4 with applying boundaries condition of = 0 − and = 0 − . The results can be expressed as the following form [26] :
where and are the adsorption capacities of the adsorbent at equilibrium and at time (mg/g), respectively. is the adsorption rate constant according to the pseudo-first-order model (L/min).
The pseudo-second-order was first presented by Ho and McKay [25] . The non-linear form of this model is expressed in equation 6:
The linear form of the pseudo-second-order model can be obtained by integrating equation 7 under the same condition as equation 4 resulting the following equation.
The adsorption kinetics parameters based on the pseudo-first-order was calculated based on the linear plot of log ( − ) against (equation 5). The adsorption kinetics parameters based on the pseudo-second-order model was calculated according to the linear plot of / versus (equation 8). The adsorption kinetics parameters based on both models were tabulated in Table  1 . It was found that the pseudo-first order model is better in predicting the experiment data rather than the pseudo-second-order model. The correlation coefficient for pseudo-first-order model was bigger than 0.9 both for activated kaolin and TiO 2 /Kaolin composite. This finding suggested that the rate-limiting step for adsorption process was dominated by the physisorption mechanism [28] . 
Adsorption isotherm
Study on the modeling of the equilibrium curve with the most appropriate correlation is a crucial aspect in order to optimize the design of the adsorption experiment. Langmuir and Freundlich adsorption isotherm models are the most widely used model to represent the removal of the dye from aqueous medium [27; 29] . Langmuir [30] adsorption isotherm model was developed based on the assumption that the adsorbate can only be adsorbed on the monolayer of the adsorbent surface. The maximum adsorption capacity of the adsorbent reached when all the surface of the adsorbent was occupied by the ion/molecule adsorbate. This model also assumes that between the adsorbate and adsorbent has no interaction with each other. The theoretical equation of the Langmuir isotherm model is presented in equation 9.
where is the adsorption capacity (mg/g) and is the equilibrium of procion red concentration (mg/L).
(L/g) and (mg/g) are the constant of Langmuir isotherm correspond to the adsorption energy and monolayer coverage, respectively. In order to evaluate the value of and , equation 9 can be transformed into its linear form as presented in equation 10 as follow.
On the other hand, the Freundlich isotherm model considering that the adsorption process probably occurred in the heterogeneous system which is not limited by the formation of the monolayer. This model is mathematically described by the following equation.
is the Freundlich constant based on the adsorption capacity (L/mg), is the Freundlich constant related to the adsorption intensity. 1/ value can be used to describe the adsorption favorability. When1/ is equal to zeroindicating that the type of adsorption isotherm is irreversible. When 1/ less than 1 and bigger than zero (0 < 1/ < 1), the type of the adsorption isotherm is favorable and if the 1/ value is bigger than one (1 < 1/ ) indicate that the type of adsorption isotherm is unfavourable [31] . Both the Freundlich isotherm constant can be measured from the slope and intercept value of the plot ofln versus ln from its linear form as follow [32] :
The adsorption isotherm parameters according to the Langmuir and Freundlich model are summarized in Table 2 . Based on the coefficient regression values R 2 , both the Langmuir and Freundlich are in a good agreement to correlate the adsorption equilibrium data. Based on the Freundlich model, the 1/ values for all the temperature studied showed in the range of 0 to 1. This finding described that the adsorption of procion red on TiO 2 /Kaolin composite was in favorable process. Moreover, the values according to the Langmuir model ranging from 125 to 158 mg/g. 
Adsorption thermodynamic
In this work, the thermodynamic behavior of procion red adsorption was studied by conducting the adsorption experiment with different temperatures. Effect of temperature on the adsorption performance was evaluated at four different temperatures, i.e., 30, 40, 50, 60, and 70 o C. The results are presented in Figure 6 . The obtained data described that by increasing the adsorption temperature, the adsorption capacity gradually increased. This phenomenon also reported by
Kaveeshwar et al. [33] , as caused by the increase of diffusion rate and adsorbate mobility in the higher temperature. The change of Gibbs free energy negative. This finding showed that the adsorption proce experimental condition. Moreover, the negative value of increasing the temperature. It was described that the adsorption process is more favorable in higher temperature. The value o which this value describes that the interaction between the procion red and the surface of TiO 2 /Kaolin composite is only an electrostatic interaction since the magnitude of less than -20 kJ/mol. According Δ value for the chemisorption ranging from from 0 to -20 kJ/mol.
The calculated value of the change of enthalpy adsorption process was obeyed the endothermic nature as it was observed has positive value in Bull. Chem. Soc. Ethiop. 2019, 33(3) , as caused by the increase of diffusion rate and adsorbate mobility in the . Effect of temperature on the adsorption capacity.
Three basic thermodynamic parameters, including the change of standard enthalpy ( change of standard entropy (Δ ) and the change of Gibbs free energy (Δ ) systematically evaluated. These parameters are an essential aspect in order to determine the adsorption behavior of spontaneity, the nature of the adsorption exothermic and endothermic, and how much changes occurred on the surface of the adsorbent [34] . ermodynamic parameters mentioned above can be calculated based on the following is the equilibrium constant, is the gas constant (8.314 J/mol.K), and absolute temperature (K). The value of the thermodynamic parameters were measured based on the linear form of equation 15. The value of Δ and Δ were the intercept and slope of the 1/T. The results of thermodynamic parameters measurement based on the adsorption data are presented in Table 3 .
The change of Gibbs free energy Δ for all the experimental condition was recorded negative. This finding showed that the adsorption process was spontaneous in all the setup of experimental condition. Moreover, the negative value of Δ was gradually increased by increasing the temperature. It was described that the adsorption process is more favorable in higher temperature. The value of Δ was observed in the range of -0.559 to -5.96 kJ/mol. In which this value describes that the interaction between the procion red and the surface of /Kaolin composite is only an electrostatic interaction since the magnitude of Δ value w According to the paper reported by Munagapati et al. [1] , the magnitude of value for the chemisorption ranging from -80 to -400 kJ/mol and for physisorption ranging
The calculated value of the change of enthalpy Δ also gives more description that the dsorption process was obeyed the endothermic nature as it was observed has positive value in , as caused by the increase of diffusion rate and adsorbate mobility in the Three basic thermodynamic parameters, including the change of standard enthalpy (Δ ), were systematically evaluated. These parameters are an essential aspect in order to determine the on exothermic and endothermic, ermodynamic parameters mentioned above can be calculated based on the following
is the absolute temperature (K). The value of the thermodynamic parameters were measured based on were the intercept and slope of the 1/T. The results of thermodynamic parameters measurement based recorded ss was spontaneous in all the setup of was gradually increased by increasing the temperature. It was described that the adsorption process is more favorable in 5.96 kJ/mol. In which this value describes that the interaction between the procion red and the surface of value was , the magnitude of 400 kJ/mol and for physisorption ranging also gives more description that the dsorption process was obeyed the endothermic nature as it was observed has positive value in all the range of adsorption temperature used. The magnitude of the Δ values also considers that the adsorption process was obeyed the physisorption mechanism. As can be seen in the Table 3 , the magnitude of Δ value ranging from 18.5 to 30.3 kJ/mol which these values were less than 80 kJ/mol. Generally, the magnitude of Δ value for chemisorption ranging from 80 to 200 kJ/mol [1] . The value of the entropy changes Δ was recorded positives for all the experimental condition. This finding indicated that the randomness process was increased during the adsorption occurred. 
CONCLUSION
In this work, TiO 2 -coated kaolin composite was prepared using thermal, and acid activated kaolin and titanium(IV) isopropoxide as the titanium source. The TiO 2 /Kaolin composite was then used as an adsorbent material for procion red removal from aqueous solution. The experimental parameter studied showed that the procion red adsorption was a pH-dependent process. Compared with activated kaolin, TiO 2 /Kaolin composite adsorbent has higher adsorption capability toward the procion red. The adsorption kinetics investigation indicated that the adsorption process obeyed the pseudo-first-order model rather than the pseudo-second-order model. The isotherm indicated that the adsorption isotherm model was best fitted on the both Langmuir and Freundlich model. The thermodynamic study revealed that the adsorption of procion red on TiO 2 /Kaolin composite was spontaneous and followed the endothermic nature.
